Of 60 patients w'ith mitral stenosis referred as proper candidates for commissurotomy, less than half (27) proved suitable after further study. One half of these (13) had a good postoperative result as judged not only clinically but by objective physiologic measurements. The latter represent the best criteria for the effects of surgery since subjective impressions may be unreliable. Eight subjects originally advised to undergo surgery would now be rejected inasmuch as myocardial insufficiency and not mitral block was their predominant difficulty. Clinical criteria appeal as yet inadequate for the selection of the proper candidate for mitral commissurotomy, as there is no good clinical means of establishing in every instance the presence of pulmonary hypertension which remains the best evidence of a significant degree of mitral block. SINCE Bailey', 2 and Harken3 have demonstrated the feasibility of the surgical approach to the problem of mitral stenosis, patients with this lesion are being re-evaluated in numerous clinics with the possibility of commissurotomy in mind. It is well to remember that surgical treatment is directed at the relief of the mechanical difficulties imposed by mitral valve obstruction. It has been postulated and recently re-emphasized4-6 that chronic pulmonary hypertension is one of the chief resultants of significant mitral block. This postulate has been confirmed by physiologic studies which also showed decrements in pulmonary artery pressures after successful mitral surgery.2' 7 Thus, it has become established that operative intervention can alleviate at least some of the consequences of mitral block. However, it has also been found
SINCE Bailey', 2 and Harken3 have demonstrated the feasibility of the surgical approach to the problem of mitral stenosis, patients with this lesion are being re-evaluated in numerous clinics with the possibility of commissurotomy in mind. It is well to remember that surgical treatment is directed at the relief of the mechanical difficulties imposed by mitral valve obstruction. It has been postulated and recently re-emphasized4-6 that chronic pulmonary hypertension is one of the chief resultants of significant mitral block. This postulate has been confirmed by physiologic studies which also showed decrements in pulmonary artery pressures after successful mitral surgery.2' 7 Thus, it has become established that operative intervention can alleviate at least some of the consequences of mitral block. However, it has also been found that mortality is high in the markedly incapacitated rheumatic subject and therefore it has appeared that one should relieve mitral block before its effects reach an advanced stage. As a consequence of this type of reasoning, less and less attention is being directed at establishing that the symptoms and physiologic derangements of the patient with mitral stenosis are due predominantly to obstructive mitral block. Indeed, at the present time, if a patient has mitral stenosis and symptoms referable to the cardiorespiratory systems it has become almost axiomatic to ascribe these symptoms to a small mitral orifice and offer the patient surgery.'0' 11 Hence the criteria for the selection of patients for commissurotomy have become entirely clinical, based on signs and symptoms which are not specific to mechanical mitral block, and little or no attempt is being made to identify the presence of pulmonary hypertension except by inference.s' 6, 8 CIRCULATORY EFFECTS OF MITRAL CO'MNIISSUROTOMY surgical procedure. Hemodynamic measurements coupled with clinical observations were utilised to define the patient's circulatory function prior to surgery as well as to establish the postoperative status. Early in our experience it became apparent that these hemodynamic data were essential to the evaluation of the surgical results of a procedure following which patients, desperately ill and anxious for relief, reported all grades of improvement. For adequate final appraisal objective measurements had to be available against which to titrate these subjective expressions of benefit. This paper presents the experience of the authors with a group of patients referred to us as possible candidates for commissurotomy and includes our method of evaluation of the patient with mitral stenosis, as well as the results of commissurotomy when this operation has been performed.
METHOD OF STUDY
In the past five years 60 patients with mitral stenosis have been considered as possible candidates for mitral commissurotomy. The majority of these subjects were referred to us by their local physicians as suitable candidates. Prior to any decision regarlding surgery, all these patients were closely observed in order to rule out not only such complications as active rheumatic carditis, subacute bacterial endocarditis and intractable heart failure, but also to establish the best possible status obtainal)le by medical means prior to evaluation by cardiac catheterization. This period of observation in the hospital lasted two to three weeks in most instances, but was extended to four or five months in several patients.
The method of physiologic appraisal, using the cardiac catheterization technic, has been detailed in a previous report,12 which also contains the Co- teria for interpretation of results. In this regard, it is important to stress the difficulties and potential errors which arise when one endeavors to compare catheterization studies made at two different times in an effort to determine the effect of a single alteration of the circulatory dynamics such as mitral valve commissurotomy. For example, if the patient s not in the same metabolic state each time, variaions in the cardiac output may be expected; if there has been a change in cardiac rhythm cardiac output may also vary and of course, variations in output may in turn alter right heart pressures as well; if the heart rate fluctuates markedly, right heart pressures may also change; if heart failure was present before surgery and is absent thereafter, this too The 60 patients referred to this clinic for surgery were considered to have met the clinical criteria by the referring physicians and the majority were willing and even anxious to undergo operation. Furthermore, it should be specifically noted that no one was accepted by the authors for evaluation unless enlargement of the left ventricle and intractable heart failure had been excluded and these types of rheumatic patients are not included in this presentation.
Patients rejected after clinical study alone. Fifteen patients were rejected as possible candidates for operation after further careful clinical observation only. Of these, 10 ; e o -c e õ C l P C X < Thirty-one patients, including the patient with cured endocarditis who was mentioned above, were deemed suitable for operation after catheterization studies. Three of these refused surgery and another was ultimately rejected because he had a huge aneurysmal left atrium, which in the presence of atrial fibrillation was almost certain to be very thin walled and to contain large thrombi. Surgery was not advised in his case, because the mechanical performance of the commissurotomy would be unusually hazardous. None of these last four will be considered further. The diagnoses and data of the 27 subjects who were operated upon will be found in efforts beyond which they will not go. Below this ceiling however they have no symptoms. In four of these no change in medication has been necessary while the fifth (case 792) no longer requires diuretics.
All five had moderate to severe pulmonary hypertension prior to surgery (tables 2 and 3) of a degree comparable to that found in the previous group and the range in cardiac output was also similar. In one of the five patients (case 744) two studies were made preoperatively, one before and one 10 days later after digitalization. There was no fall in pulmonary hypertension or in the elevated right ventricular end diastolic pressure. Indeed, the level of pulmonary pressure was higher on the second study when the heart rate was slightly faster. This suggests that these elevated pressures reflected mitral block, probably with complicating pulmonary vascular disease. In the four who had postoperative studies there was a fall in resting pulmonary artery pressures. However ill two of them the hemodynamics must be discussed further before full interpretation is possible particularly with regard to cardiac output. One of them was a young musician (case 6f33) who had marked unsaturation of the arterial blood at the time of the preoperative study (table 3) Hemodynamic studies in these patients who were thought clinically to have had no change after operation, confirm the clinical impression of no benefit, since the pulmonary artery pressures did not alter and the resting cardiac is output fell in two of the three. In two of these men (cases 699 and 635), there was mild pulmonary hypertension at rest and, as has been discussed in a previous report,12 it is now felt that in them the predominant lesion was not a mechanical block, but rather was myocardial insufficiency. The third patient was subjected to mitral commissurotomy on two separate occasions. This man (case 664, tables 2 These individuals were in all likelihood suffering from predominantly a mechanical block at the mitral orifice, as has been discussed in a previous report. 2 The hemodynamic findings of the group classed as good were subject to interpretation as far as cardiac output is concerned, but did confirm a good clinical result if the behavior of the pulmonary artery pressures is accepted as a reliable criterion. In the three individuals who had no clinical improvement following commissurotomy, there was physiologic confirmation of this impression.
The remaining 11 of the 27 patients selected for commissurotomy are dead. Six survived surgery for varying periods of time while five were considered to be operative deaths.
The six who survived surgery will be discussed in detail since operative intervention did nothing to improve their status. Furthermore, since it is doubtful now that any had mitral block as their predominant lesion it is important to seek out their major difficulties. The first of these patients who died was the only one who had mitral stenosis without mitral insufficiency (case 627). Chronic (con1-gestive failure was her maj or problem for three years despite digitalization and diuretics. Only the most rigorous medical regime including bedrest for one month relieved her of congestive signs. Nevertheless hemodyniamnic studies ( fig. 1, tables 2 and 3) showed severe pulmonary artery and right ventricular hypertension at rest and during exercise. Studies made two months after surgery revealed some decrease in pulmonary hypertension but a lower cardiac output and a higher right ventricular diastolic pressure at rest than preoperatively. There were no changes in heart murmurs or heart size. The physiologic findings could hardly be interpreted as unie ( repeated objective proof on physiologic and clinical examinations that her status was steadily worsening. She died suddenly in congestive failure three years after commissurotomiy. In view of the continuous fall in cardiac output without lasting fall in right heart pressures, it appears probable that in this woman myocardial damage was of primary concern. Under these circumstances the pulmonary hypertension would be largely the result of left myocardial failure.
In only two (cases 606 and 538) of the five patients with both mitral stenosis and insufficiency was the structure of the valve such as to warrant mitral commissurotomy, since in three (cases 649, 723 and 751) the valve was found to be so insufficient that no fracture was deemed advisable. In all a regurgitant jet could be felt at the time of operation.
Of the two patients in whom valve fracture was done, the first (case 606, fig. 2 607 and 622) the valve w-as funnelshaped and leathery, a finding the surgeon has learned to dread as the leaflets cling to the finger, obstructing blood flow more than usual and resisting fracture. Four of them (cases 607, 622, 609 and 700) were the most severely handicapped of the entire group of 60 studied, as their hemodynamics indicated (tables 2 and 3). Pulmonary hypertension was extreme and cardiac output very low. The fifth (case 662) was less incapacitated, and although her output was also reduced, pulmonary hypertension w-as onlv moderate. Uncontrollable hemorrhage from a rent in a very thin-walled left atrium w-as the cause of death in one (case 609). Cardiac arrest during finger fracture and death within 24 hours due to cerebral damage, occurred in two cases (cases 607 and 662). Cardiac arrest during anesthesia without successful restoration of rhythm by cardiac massage accounted for the death of a fourth patient (case 700). Although the surgical procedure was apparently without incident in the fifth subject (case 622), he did not awaken from anesthesia and died in shock in the eighth postoperative hour.
A review of the auricular biopsy material as given in table 2 indicates that there is little correlation between the presence or absence of Aschoff bodies in the appendage biopsy and the final result after surgery, a point which has been made previously in other reports. '6' 17 Of the 10 patients who survived surgery and had Aschoff bodies in the auricular appendage six developed the postcommissurotomy syndrome. Two As a result of information gained in this study we would now reject eight subjects who originally were advised to undergo surgery. Two of these (cases 699 and 635) could not definitely be rejected on clinical grounds but physiologic studies12 would label them as suffering from myocardial insufficiency. In a third (case 627) congestive heart failure required such a rigid medical regime, including constant bedrest for control, that myocardial insufficiency might have been suspected preoperatively. We have learned from the remaining five subjects (cases 606, 538, 649, 723 and 751) that one cannot expect a successful commissurotomy when the murmur of mitral insufficiency coexists with a heavily calcified valve, which calcium could be clearly seen by fluoroscopy in each of these patients preoperatively. In these five also, myocardial dysfunction appeared to predominate. It is well to point out with regard to this state of myocardial insufficiency (as described previously12) that it may exist in the absence of enlargement of the left ventricle as judged by gross or microscopic examination as well as by clinical evaluation. Indeed this state may occur without any discernible evidence of pathologic abnormality in the left ventricle, at least as shown by present day methods. It may be that studies of myocardial metabolism will afford a solution to this problem.
Obviously this small group of patients followed through mitral surgery must be observed for a considerably longer time before any final conclusions as to the circulatory effects of commissurotomy are warranted. However, a certain amount of valuable information has been secured even now. It is rather discouraging, for example, to find that of the 13 sidering the difficult task which the surgeon faced, namely restoration of valve function in a markedly diseased heart, it is not surprising that he did not always effect a cure.
It is quite interesting to examine the actual level of residual hypertension in those 13 patients who had a satisfactory surgical result. In 9 of the 11 in whom postoperative studies were made, the residual resting pressures in the pulmonary artery (see tables 2 have not yet provided us with the answer of how to select the mitral subject who will invarial)ly benefit from commissurotomy. It is therefore obvious that much more study is needed in order to clarify some of the many problems relating to the patient with mitral stenosis.
Selection of patients for commissiirotom~y. In any consideration of mitral stenosis, and particularly when selecting candidates for surgery, it has become dlear from this study that each patient, must be evaluated within the framework of rheumatic heart disease itself.
For this reason a simple working schemia ( fig.   7 ) has been constrtucted. The effects of the rheumatic process on the heart can be divided into valvular and myocardial. In Another group of rheumatic subjects who also had predominantly valvular damage are those with mitral stenosis and a significant degree of block. These individuals can go in and out of myocardial congestive failure due to mechanical strain and not myocarditis as shown by the arrows in the schema (fig. 7) . These individuals obviously represent the ideal candidates for commissurotomy, particularly if they do have a relatively unimpaired myocardium.
Lastly there is a group of subjects with rheumatic mitral stenosis in whom it has been shown'2 that myocardial damage is dominant and in whom there may be no significant block. The myocardial insufficiency of these hypodynamic hearts will not be benefitted by surgery and indeed such patients may succumb to the operative procedure.
Two of the three types of patients included in this schema, even though clinical evaluation may be difficult, can be differentiated by physiologic studies. The normal circulation of the one and the hypodynamic characteristics of the myocardial dysfunction of the other permit their clear-cut separation on physiologic grounds from the patient with predominantly mitral block.
It is obviously the patient with mitral stenosis and block who is the ideal candidate for surgery, and furthermore, if indeed there is true obstruction at the valve, the patient will have moderate to severe resting pulmonary hypertension. It would perhaps even be advisable to make the establishment of such pulmonary hypertension a prerequisite to acceptance for surgery. In its absence there is little likelihood of the existence of an important degree of mitral block amenable to, or one which will benefit from, surgery.
The selection of the patient might then appear superficially simple, i.e., if heart failure. As a final point, one is faced essentially with determining in any one patient with mitral stenosis whether there is pulmonary hypertension or not, once left heart failure, if present, is relieved. Unfortunately there is no good clinical means of doing this in all instances. Heart sounds or intensity of murmurs do not help, the second pulmonic sound particularly offers no reliable indication and heart size is very deceptive as can be seen in previous reports.'4' 20 Our group is unable to make this determination with certainty unless the patient is catheterized and the pulmonary artery pressures are measured directly. Because the tendency at present is to infer rather than demonstrate pulmonary hypertension, its presence may be improperly diagnosed and hence patients are undergoing needless surgery. This is so because the clinical criteria are as yet grossly insufficient to enable one to choose the correct subjects for commissurotomy. It is true that the ideal candidate can be suspected if there is a small heart, electrocardiographic evidence of right ventricular hypertrophy in the precordial leads and no heart failure, and it is also true that one should beware of offering surgery as amelioration to the patient with a very large heart. These points, however, offer only indirect evidence and in the case of the hypertrophy pattern surely indicate an advanced stage of mitral block.
The fact that no real effort is now being CIRCULATORY EFFECTS OF MITRAL COMMISSUROTOMlY made in most clinics to establish the presence of pulmonary hypertension in the candidate for mitral surgery may also provide an explanation for some of the unsuccessful commissurotomies reported by some groups; the figures vary between 30 per cent and 40 per cent. In the authors' opinion, the lack of success probably lies in the fact that some patients' very real symptoms were attributed to mitral block when indeed they sprang from myocardial insufficiency. Physiologic studies might have indicated this difference in the etiology of the dysfunction had they been performed. Of course, inoperable valve deformity also is a contributing factor to failure of surgery. It would therefore seem imperative to continue a combined clinical and physiologic study of mitral stenosis until such time as the reliable clinical signs of obstructive pulmonary hypertension can be ascertained and clarified, thus eliminating the need for cardiac catheterization. The need for such a study is even more apparent when one realizes that the hemodynamic picture of "early" mitral block, i.e. the circulatory state wherein critical narrowing of the orifice is just beginning and the valve is still relatively mobile, remains to be defined. It is probable that once this picture has been critically and physiologically defined, these patients with early mitral obstruction will be the best candidates for commissurotomy.
SUMMARY AND CONCLUSIONS This paper presents a study of 60 patients who were referred to this clinic as suitable candidates for mitral commissurotomy.
Of these 60 patients, 15 were deemed unsuitable after clinical study alone; 10 proved to have active rheumatic carditis and five subacute bacterial endocarditis. Another 15 were rejected as candidates for operation after physiologic study; 11 of these had little or no resting pulmonary artery hypertension, two gave evidence that left ventricular failure accounted for the pulmonary hypertension found, while two without disabling symptoms had only mild pulmonary hypertension and represent a phase of the problem which has not as yet been clearly defined. Thirty-one patients were considered suitable for surgery after physiologic studies; of these three eventually refused commissurotomy and one was rejected because of an aneurysmal left atrium.
Of the 27 subjects who underwent surgery, eight were believed to have had clinical and physiologic evidence of an excellent result while five were designated as good results. Nine patients showed no clinical or physiologic evidence of any improvement, and of these, six are now dead. The remaining fire were operative deaths.
As a result of this study we would now reject eight subjects who were originally advised to undergo surgery, believing that their predominant difficulty was myocardial insufficiency and not valvular disease.
Our experience with the combined lesions of mitral stenosis and insufficiency is somewhat limited but is discouraging. Indeed we have learned from the five patients in this series with a double mitral murmur that one cannot expect a successful commissurotomy when the murmur of mitral insufficiency coexists with a heavily calcified valve.
Clinical criteria appear as yet inadequate for the selection of the proper candidate for mitral commissurotomy, as there is no good clinical means of establishing in every instance the presence of pulmonary hypertension, which remains the best evidence of a significant degree of mitral block.
Objective physiologic measurements represent the best criteria for the effects of surgery as subjective impressions may be unreliable. 
